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1.0 INTRODUCTION

1.1 SCOPE

The scope of this document is a functional description of the new
Landsat-D Worldwide Reference System (¥RS) with an overview of the main
orbital parameters and instrument coverages.

1.2 PURPOSE

The purpose of this document is to provide the Landsat-D data usef
with the primary information he requires to understand the Landsat-D orbital
characteristics, to effectively use the Worldwide Reference System (WR:

indexing scheme, and to request specific geographic coverage on the desired
observation dates.
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20 HISTORICAL BACKGROUND

2.1 LANDSATS 1, 2, 3

The Landsat Program, first known as the Earth Resource Technology
Satellite (ERTS) Program, is a development of tha National feronautics and
Space Administration (MASA) principally through its Earth Resource Survey
Program, and in association with other Federal agencies. The early activities
of these combined groups led to the concept of dedicated Earth-orbiting
satellites, the defining of spectral and spatial reguirements For their
instruments, and the fostering of research to determine the bast means of
extracting and using information from the data. The first satellite, ERVS 1s
was Taunched on July 23, 1972, The second satellite was launched on January
22, 1975. ‘Concurrently the name of the satellite and progr was changed to
emphasize its prime area of interest: the resources of the Earth’s land
masses. The second satellite was called Landsat 2, and the virst was renamed
Landsat 1. Landsat 3 was launched on March 5, 1978. Landsat 2 is now
operating in the real-time MSS mode only, and Landsat 3 is operating in the
panchromatic RBV mode only with one operational on-board video tape recorder
for limited non-real time coverage.

The parameters of Landsats 1, 2, and 3 orbits are given in Table 2.1
and ground tracks for two typical consecutive daily orbits are shesn in Figure
2.1. The Landsats 1, 2, and 3 orbital parameters cause-each consecutive daily

track to be shifted, at the equator, to the West 25.8 degrees of longitude,
corresponding to 2872 km. Each succeeding day of Landsats 1, 2, and 3




TABLE 21

ORIGINAL PAGE 8
OF POOR QUALITY

LANDSATS 1, 2 and 3 ORBITAL PARAMETERS

Equator. (km)

ORBITAL SATELLITE
PARAVETER 1 2 3
| Semi-major Axis (km) 7285.438 7285.989 7285.776
Inclination (deg) 99.906 09.210 99.117
Period (min.) 108.143 103,155 103.10
Time of Descending Node
Equatorial Crossing
(local time) 8:50 AM 9:08 AM 9:31 AM
Coverage Cycle Duration 18 Days
(251 revs)
Distance Between Adjacent
Ground Tracks at
159,38
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coverage overlaps the coverage of the preceeding day as shown in Figure 22
with this pattern continuing until all the area between N and orbit N + 1 is
covered. This constitutes one complete coverage cycle, consisting of 251
orbits, taking exactly 18days, and providing complete global coverage between
82° N and 82° s latitude. The consecutive—day sidelap results in a

minimum of 14 percent at the equator to nearly 85—percent at extreme latitudes
as given in Table 2.2. A combination of data processing and orbital
adjustment keep the error in the individual framed image centers of any
geographical area on Earth within 37 km in the across—track direction and 30
km in the along-track direction (*18.5 km and %15 km from nominal,
respectively).

2.2 WORLDWIDE REFERENCE SYSTEM (WRS)

The Worldwide Reference System (WRS) is a global notation system for
Landsat data, It enables a user to inquire about satellite imagery over any
portion of the world by specifying a nominal scene center designated by PATH
and ROw number. The WRS has proven valuable for the cataloging, referencing,
and day-to-day use of imagery transmitted from the Landsat sensors.

The Landsats 1, 2, and 3 WRS notation assigns sequential path numbers
from east to west to 251 nominal satellite orbital tracks, starting with
number 001 for the first track which crosses the equator at 65.48 degrees west
logitude. A specific orbital track can vary due to drift and other factors;
thus a path*line 1is only approximate. The orbit is adjusted periodically,
after a specified amount of drift has occurred, to bring the satellite back to
an orbit that is nearly coincident with the initial orbit.

Row refers to the latitudinal center line of a frame of imagery. As
the satellite moves along its path, the observatory instruments are
continuously scanning the terrain below. The instrument signals are
transmitted to Earth and correlated with telemetry ephemeris data to form
individual framed images. During this process the continuous data are
segmented into individual frames of data known as "scenes®. Landsats 1, 2,
and 3 scene centers are chosen at approximately 25-second increments of
spacecraft time in either direction from the equator with each scene equal to

24 .
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TABLE 2.2

" ORIGINAL PAGE I8
OF POOR QUALITY

SIDELAP OF ADJACENT LANDSATS 1, 2, and 3 COVERAGE SWATHS

Latitude (deg)

‘mage Sidelap (%)

10
20
30
40
50
60
70
80

14.0
15.4
19.1
25.6
34.1
44.8
57.0
70.6
85.0




approximately 163 km (101 statute mi-) on the Earth's surface plus about
10-percent in-track overlap (5-percent for Landsat-3) added by tke ground
processor, A total of 119 Landsats 1, 2, and 3 daylight scenes are presently
possible along one descending romnorth to south) satellite path. A
complete orbit of 6,196 seconds, when divided by 25 seconds, yieids 247.84
intervals; '248 scenes per complete orbit (descending and ascending) was
selected as the standard,

As the framing is uniform for each orbit, the adjacent east-west
scenes will have scene center locations at the same nominal latitude, A
notation of Row numbers can therefore be applied to identify all scenes
occurring at the same latitude: Row 060 corresponds to lat 09 (the
equator). Rew 059 is immediately north of this, and the progression certinues
to lat 80° 01'12"N, which is Row 001. Row 119 is at lat 80° Q1'12"S.

The combination of a Path number and a Row number thus uniquely
identifies a nominal scene center. The Path number is always given first,
followed by the Row number: the notation 127-043, for example, means Path
number 127 and Row number 043.
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3.0 LANDSAT-D OVERVIEW

31 GENERAL

Landsat-D is a continuation of the very successful Landsat program
with a scheduled launch in the third guarter of 1982. The satellite
observatory carries two remote sensor systems plus suppcrtive power supply,
attitude-control and orbit-adjust subsystems, transmitters For data relay to
the ground receiving stations, and receivers for commands from the ground
stations.

The two imaging systems are a muitispectral scanner (MSS) similar to
that carried by Landsats 1, 2, and 3, and a thematic mapper (™M) providing
greater spectral and spatial resolution than previously available in the
Landsat series.

32 ORBIT

lL.andsat~D provides Earth coverage similar to that provided by Landsat
1, 2, and 3. However, the lower altitude results in a different swathing
pattern (to be covered in greater detail later in Section 4.0). The satellite
operates in a repetitive, circular, Sun-synchranous, near-polar orbit at a
nominal altitude of 705.3 km (438.4 mi.) measured at tre equator. The
Jescending orbital node time is 9:45 am = 15 minutes at the equator with an
orbital period of 98.9 minutes, completing 14 9/16 orbits per day and viewing
the entire Earth every 16 days.
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The parameters of the tandsat-D orbit are given in Table 3.1. Each
consecutive daily track is spaced 2752 km (24.7°) west of the previous orbit
at the equator, as shown in Figure 3-1, with each succeeding day's track

shifted, at the equator, to the west 10.8 degrees of longitude, corresponding
to 1204 km.

3.3 INSTRUMENT OOWERAGE

The MSS and T sensors are aligned to scan the same geographical
area, and the optics are designed to provide an across—track coverage (i.e.,
swath width) of approximately 185 km for both instruments.

Coverage sids-lap of edjacent orbits for both the Landsat-0 MSS and
™ is a minimum of 7.6 percent at the equator to nearly 43 percent at extreme
latitudes as given in Table 32.  Successive croits and framing operations are
controlled to assure no more than 8 km variation in the across-track direction
(24 km from nominal).

3-2
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TABLE 3.1

ORISINAL page
GE
OF POOR QuaLiry

LANDSAT-D ORBITAL PARAMETERS

ORBITAL
PARAMETER

VALUE

Ay e em—

o Mo,

e

Nominal Altitude (km)
Semi-major Axis (km)
Inclination (deg.)
Period (min.)

Time of Descending Node
Equatorial Crossing
(local time)

Coverage Cycle Duration

Distance Between Adjacent
Ground Tracks at
Equator (km)

705.3
7083.465
98.22
98.9

9:45 AM
16 days
(233 revs)

172
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TABLE 3.2

SXDELAP OF ADJACENT LANDSAT-D COVEMAGE SWATHS

LATITUDE (DEG. )

IMAGE SIDELAP (%)

0
10
20
30
40
0
60
70
80

7.6
8.4
10.4
13.9

. 185
24.3
30.9
B3
46.1
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48 LANDSAT-D WORLDWIDE REFERENCE SYSTEM (WRS)

The Landsat-D Idorldwide Reference System (WRS) is an extension of the
global Worldwide Reference System for Landsats 1, 2, anc¢ 3 and utilizes an
orderly Path/Row gridding System in a similar fashion. Reference Section 2.2
herein for a general WRS overview, There are, hewever, major differences in
repeat cycles, coverage, swathing patterns, and Path/Row designators due to
the large orbital differences of Landsat-D compared tO Landsats 1, 2, and 3.
This section will describe the Landsat-D RS and the procedures for
effectively using the WRS indexing scheme to order dat: acquisition and/or

- products providing the desired geographical coverage.

4.1 SWATHING PATTERN

The "swathing pattern" IS a listing or pictorial illustration of the
satellite ground tracks showing the order in which they eccur on the Earth
over the period of one full coverage cycle. Figures 4.% and 4.2 illustrate
the swathing pattern for Landsat-D with the staggered daily sequence shown for
the complete 16-day Landsat-D coverage cycle in Figure 4.2 '

On any given day M, a typical orbit & will pFaduce a ground-track
swath as shown in Figure 4.1 (i.e., orbit N, day M).
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The 98.9 minute Landsat-0 orbital period causes the next descending orbit
(1.e,, orbit N+1, day #) to produce a ground-track swath to the Wegt of orbit
N and so on around the Earth for succeeding orbits. As given in Section 32
and Figure 3.1, the distance between orbit N and N+l is 2752 km at the, equator.

On day M+1, the new ground tracks occur, geographically,
approximately haif way (44%) between the previocus day's tracks as illustrated
in Figure 4.1 (i.e., orbit N, day M1). The distance between orbit N on day

and orbit N on day M+l is 1204 km at the equation. MNete that the second day's
ground-track swaths do not overlap the previous day's coverage as waes the case

with Landsats 1, 2, and 3. Westerly sidelapping will eccur, however, on the
seventh day fellewing any given orbital pass on Earth {i.e., day M+7) with the
amount of sidelap dependent ON geographical Jatitude as shown in Table 2.2,
Though not shown in Figure 4.1, easterly sidelapping wi11 occur on the ninth
day following any given orbital pass on Earth (i.e., day M+9).

The staggered Landsat-0 daily coverage sequenze continues until the
whole Earth has been covered as shown in Figure 42. %f one assumes that the
typical ground tracks shown in Figure 42 occur on day |, the rest of the area
between each track will £i171 in gver a 16-day pericd as given in the swathing
table. For example, the next westerly swath will cccur on day 8, the next on
day 15, the next en day 6, and so forth until the cycle: repsats after 16 days.

4.2 PATH/ROW DESCRIPTION

WRS is an indexing system for orbits (Paths) amd frame centers (Rews)
on each Path along with characteristic quantities assigmied to each frume
center with which the framed image data are identified. The Path/Row notation
eliminates the oecessity of using the more CUmbersome Tatitude and longitude
notations and provides a standard designator for every miominal scene center.

The Landsat-0 16-day ground coverage cycle is amccomplished in 233
orbits. Thus, for Landsat-0, the WRS system i0 made up wf 233 Paths numbered
001 to 233, east to west, with Path 001 crossing the equigt 14 g4.950 west
Tongittide.

oy

o e y

-
IR

et st N e i e i e M S U o



Raw refers to the latitudinal center line of a frame of imagery above
any given Path. As the satellite mowes along its path from north to south,
both Landsat-0 sensor systems are scanning the terrain below. These data are
transmitted to Earth, correlated with telemetry data, and recorded both on
magnetic tape and film to form individual images. During this process the
continuous data are segmented into individual frames of data knoan as
""scenes." Landsat-D scenes are chosen at 23.92-second increments of
spacecraft time in either direction calculated from the equator in order to
create 248 Row intervals per complete crbit. Note that this IS the same as
the Landsats I, 2, and 3 WRS system. The Rows have been positioned in such a
way that Row 60 coincides with the equator during the descending node, o the
dayside part of the orbit, and Row 184 during the ascending node. Row one of
each Path starts at 80° 47'N latitude and the numberimg increases southward
to a madrum latitude 81° 51'S (Row 122) and then turms northward, crosses
the equator (Row 184), and continues to a maximum lat§tude of 819 51'N (Row
246). Row 248 is located at latitude 819 22'N whereupon another Bath
begins. The algorithms and methods of calculating spesific quantities
assigned to each Row of each Path for Landsat-D are giwen in detail in
Appendix A. A listing of the specific latitude and lamgitude values for each
Landsat-D nominal scene center is provided in Appendix B.

Table C.I in Appendix ¢ indicates which orbit Paths are flown on each
of the 16 days in the Landsat-D coverage cycle. Table C.2 provides calendars
for Landsat-0 which relate the day of the month to the cycle day. Thus, to
determine which orbits are flewn on a given date, use Table C.2 for that date
to obtain the cycle day; then use Table C.I to find the orbital paths for that
day. Ground coverage for that day's orbital paths at any point on Earth can
be determined from Landsat-D WRSHndexed maps availabWe from the USGS/EROS
Data Center, Sioux Falls, S0 57198, telephone (605) 5%4-6151. Further, to
determine when a particular geographic area is to be covered by Landsat-0, use
the Landsat-D WRS-indexed mgps to obtain the Path numiser for the desired
coverage area. Find the corresponding cycle day in Table C.I, then use Table
€.2 to determine the calendar date closest to the desiired time of coverage.



For purposes of illustration, the following describes the Landsat-0
coverage of the conterminous 48 United States for one typical 16-day coverage
cycle. Orbit N on the first day is assumed to be the most easterly U.S.
coverage possible, i.e., over the NE coast of the State of Maine. Table 4.1
lists the actual Bath numbers and the number of coverage swaths per day. HNote
the general rule-of-thumb that every other day's coverage is two guaths to the

east of any given ground track. That is, if Path P occurs on day M, then Path
P-2 will occur on day M+2.

4-6
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TABLE 41

EXAMPLE U.S.* COVERAGE ORIGINAL" PAGE IS

OF POOR QUALITY

PATH # # OF ‘
DAY COVERAGE SWATHS
1st 2nd 3rd

10
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11 27 43
24 -
41 -
32 48
39 -
30 46
37 -
12 28
19 35 o
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*(48 conterminous states only)
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5.0 REFERENCE DOCUMENTS

Reference the following applicable documents for more detailed
information regarding Landsat-D:

® Landsat-D to Ground Station Interface Descriptfcns Revision 2,

GSFC 435-D-400, Goddard Space Flight Center, May 1981 or the
latest approved issue.

© Engineering Code for Generation of WRS Related Data Bank,
Revision A, PIR 1T81-LSD-GS-204, General Electric Space
Division, April 3, 1981, or the latest approved issue.
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APPENDIX A

LANDSAT-D
WORLDWIDE REFERENCE SYSTEM (HWRS)
ALGORITHMS
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ORIGINAL PAGE 18
Al WRS SCENE-CENTER LONGITUDE OF POOR QUALITY

Assuming ths geometry in Figure A.1, an inertial system can be
defined where the x-axis is the intersection of the orbital and equatorial
planes, the z-axis originating from Earth center and pointing to the north
pole, and the y-axis completing the orthogonal system.

Let v be the angular travel of the S/c from the ascending noda:

i -~ the supplement of the orbit inclination
e - the angular distance from the ascending node (a.n.)

. - the geocentric latitude.

Then the following relations can be derived

coS ¥ cos €. cos ﬂc (1)

sin 8, = sin y. sin i {2)
from which ¢, and o can be determined; e Is the longitude from tke ascending

node (inertial longitude), Far an Earth fixed system ¢ has to be corrected
for the reference of the ascending rode and the effect of Earth's rotation.

Let
e, — reference longitude of the a.n.
W, - Earth's man sideral rotation rate
W = angular S/C velocity.

Then, o', tne longitude of the WRS scene center on reference path is given by
the relation

! (cosi.tany)-_..::e_.y (3)

The longitude is rounded in the online processing after rotation of the
reference pata to the path in question.

I = - -
G 90 tan

i 5B b el sl A g ot 3 st e 3 (TR S PSR
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A.2 WRS SHNE-CENTER LATITUDE OF POOR Qﬁfflfgvs ‘

path) is defined to be

radius, Re, at geocentric

S |
251 2d)
The procedure is és follows:
g, = tan"! (tan([%],)j(a/b)z) (6)
Ry (gé) = a-b/\/b2 coszwé + azsinzﬁé (7)

A4 SKEW ANGLE

Because of the Earth's rotation against the spacecraft's absolute
velocity, the images of the $/C data show a skewness. The skewness will he
calculated at scene center. It involves finding the angle, s , between the
relative ground based velocity, ¥, and Vs, the inertial velocity vector
projected onto the ground and expressed in ECEF coordinates.

A-3 '
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Assuming the notation as before, and let v, be the magnitude of the
SIC velocity and R, the orbital radius, then the position vector, £, on the
Earth's surface is

Cos ﬁé Cos ©
R Cos @ Sin © (8)
Sin ﬂc

=¢
"

The velocity vector (intertial) at (', e) is approximately

-Sin i Sin Qé - Cos i Cos @' Sin €
(o
Vo'Re

V; - "R;"“'

Cos 1 cos @ cos 6 (9)
Sin i Cos 8, Cos 6

Let W, be Earth rotation vector. Then, the relative ground based
velocity is given by the relation

-+ -+ > -+
Vg = Vo =W X (10)
N Ugere Cqs B, - Sins (11)
= - we~ r- Cos ﬁé. Coc ©
0
V. .V
B = Arccos ( G_° S) {12)
Vel - ¥
ORIGINAL PAGE 18
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APPENDIX B

LANDSAT-D
WORLDWIDE REFERENCE SYSTEM (WRS)
NOMINAL SCENE CENTER LISTING
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